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NISHIDA, SHOKI (Kanazawa University, Kanazawa, Japan), AND 21 strains of Clostridium histolyticum of different levels of a-toxigenicity were isolated by a new method specially designed for the isolation of this species. The a-toxigenicity of freshly isolated strains and of stock strains was closely associated with the potentiality for sporulation, growth, and smoothcolony formation. The presence of sugars, particularly xylose and arabinose, was inhibitory for growth. A few controversies on the biological properties of this species seem to be due to disregard for the growth-inhibiting effects of these sugars.
In spite of some assertions that Clostridium histolyticum is widely distributed in soil (22, 30) , the organism is rarely isolated, or only to an extent of 2 to 4%, from soil (12) . In Japan, C. histolyticum has never been isolated from soil, although Miyasaki, Hoshi, and Takahashi (14) isolated a strain of this species from the wound of a patient. We attempted the isolation (from 234 soil samples) by use of a method specially designed for this purpose, and obtained 21 strains of different levels of a-toxigenicity. Weinberg and Seguin (28) and Hall (7) demonstrated the existence of nontoxigenic as well as toxigenic strains in soil or wounds. Hoogerheide (9) stated that the a-toxigenicity is higher in the smooth type than in the rough type of colony-forming substrains of a single strain. We, however, have found that the relationship was not applicable when strains of different origin were analyzed. No other clue to elucidate a-toxigenicity has yet appeared.
Recently, it has been demonstrated that toxigenesis in C. perfringens, C. novyi, and C. tetani is inversely associated with sporulating potency (16-18, 21, 25, 32) . In this paper, we present results obtained by examining the relationship between toxigenesis and sporulating potency.
C. histolyticum is classified into the nonsaccharolytic group in Bergey's Manual, but Prevot (20) claimed that this organism could ferment several sugars. Therefore, some of the biological properties of this organism were reinvestigated. MATERIALS was obtained from C. L. Oakley, Leeds University, Leeds, England. Six toxigenic and nine nontoxigenic strains of C. histolyticum freshly isolated by us from soil were also used. The stock strains, when plated (33) , showed smooth and rough colonies. The smooth and rough substrains, once established, exhibited no variation of colonial characters during the 2 years of this study. In addition to the strain number given, each strain was designated by the letters S or R to indicate its colonial morphology.
Isolation of C. histolyticum from soil. Soil samples collected from such places as roads, gardens, vegetable plots, rice fields, and a playground near our medical school were employed. Each soil specimen was divided into three portions, and each portion (about 2 g) was suspended in 20 ml of 2% Poli peptone (Daigo Co., Osaka, Japan) medium containing 10% gelatin. The initial pH of the broth was 7.2. The broth was distributed into 30-ml screw-capped bottles. The three soil suspensions were immediately heated to 60, 70, and 80 C, respectively, for 30 min. The suspensions were then cooled, and streptomycin was added to a concentration of 40 ,g/ml; the suspensions were then incubated at 37 C. Isolation of C. histolyticum from these bottles was attempted on the 1st, 2nd, 3rd, 5th, 7th, and 14th days of incubation. On the test days, a loopful of each culture was plated onto a Zeissler plate (33) . The characteristic dewlike colonies, surrounded by a zone of weak hemolysis, were transferred into chopped-meat broth. The cultures were again plated on nutrient agar medium, and were incubated aerobically for 24 hr. The dewlike colonies were again transferred to chopped-meat broth and were ready for further biological tests.
Identification of C. histolyticum. The biological properties, as well as the colonial morphology, were determined according to the descriptions of Steme and van Heyningen (24) and Smith (22) . Positive 477 NISHIDA AND IMAIZUMI (but slight) growth on agar under aerobic conditions, negative lecithinase reaction on Nagler's medium (31) , and positive collagenase reaction (10) were also adopted as criteria for identification. Spray's (23) reaction-negative strains were, however, not excluded. The culture filtrates, when toxic, were subjected to the neutralization test in mice, with C. histolyticum antitoxin kindly provided by K. Kubota, National Institute of Health, Tokyo, Japan.
Assay of lethal toxin (at-toxin). The medium for production of lethal toxin will be described in Results. The assay of toxicity was carried out by the method of Nishida and Nakagawara (16) .
Estimation of growth-inhibiting efects of sugars. (Mannheim, Germany). An uninoculated medium incubated for the same period was similarly analyzed as a control.
Fermentation of glucose was examined manometrically in a Warburg apparatus. Manometric vessels with two side arms were used; 0.5 ml of the bacterial suspension (1 mg of N/ml) was placed in the main compartment, 0.3 ml of a 10% glucose solution was delivered into one side arm, and 0.2 mi of 3 N H2SO4 into the other. The bacterial suspension and glucose solution were prepared in Krebs-Ringer bicarbonate buffer. The procedure of estimation was that described by Umbreit, Burris, and Stauffer (26) .
Estimation of sporulating potency. Sporulating potency was determined by comparing the number of cells resistant to 90 C for 10 min to the total number of viable cells in 24-hr chopped-meat broth cultures.
RESULTS
Medium for lethal toxin production. Cultural conditions and the proper harvest time for maximal yield were investigated with five stock strains: CN 3256-S, CN 3256-R, 948, 3313, and H-12-S. We found that both Wildfiihr's medium (29) and V. F. broth (27) gave higher and more consistent toxin yields than did 2 or 3% Proteose Peptone (Difco). The optimal time of incubation was 48 hr for the Wildfuhr medium and 15 hr for the V. F. broth. Because it is easy to prepare, the latter medium was used in most of our later experiments. In the estimation of toxin produced, all five strains gave similar results. For the sake of simplicity, only the data of strain CN 3256-S CN 3256-S are shown (Table 1) .
Isolation ofC. histolyticum. Of 234 soil samples, 20 were positive for C. histolyticum ( 4 of the 6 toxigenic strains, and was slightly positive with the remaining 2; the reaction was slightly positive with 2 of the 15 nontoxigenic strains. Collagenase activity was positive with all strains, and the potentiality for this enzymatic activity seems to parallel the strength of Spray's reaction, the mechanism of which is not known. Strain HS-3, one of our isolates, was as highly toxigenic as stock strains. It usually exhibited 100 MLD/ml for mice, whereas other strains showed toxigenicity of 1 MLD/ml. All of the toxic filtrates were neutralized by C. histolyticum antitoxin. Violent histolysis, terminating in death, was observed when strain HS-3 was injected into the thigh muscle of a guinea pig, whereas the other five strains elicited erythematosis only. The absence of histolysis was observed also with weakly toxigenic stock strain 948.
Sporulating potency and toxigenicity. Sporulating potency has been repeatedly described in studies of other clostridia (16, 18, 32 Table 3 indicates that the results were affected by environmental variation, although they were still phenotypically significant. Chopped-meat broth seems to be preferable to liver broth, because it provides more distinctive results.
The potencies for sporulation and a-toxigenicity were repeatedly assayed in each of the freshly isolated and stock strains, and the results (Table   4) suggest that the higher the sporulating potency, the more toxigenic the strain. Strain CN 3256-S was an exception. In spite of its high toxigenicity, this strain repeatedly failed to give rise to heatresistant cells. However, after 6 months of storage in chopped-meat broth, it displayed approximately 105 heat-resistant cells per about 108 total cells per milliliter. Apart from this discrepancy, the results in Table 4 show that sporulating potency is one of the factors associated with a-toxigenesis in C. histolyticum.
Selection of strains with higher sporulating potency. Three stock strains (3254, 3313-R, and 948-S), and two fresh isolates (HS-5 and HS-470), were subjected to heat selection at temperatures of 90 and 100 C, respectively, for 10 min, and 100 C for 20 or 30 min. However, both a-toxigenicity and sporulating potency remained unchanged by this procedure. The selection of strains possessing higher sporulating potency can be achieved more efficiently by suspending the toxigenic strains in 5% phenol-water for 24 hr. This selection was repeated 7 to 11 times. Nearly all of the phenolselected substrains were two to four times as toxigenic as their parent strains, and they also possessed slightly greater potentiality for growth. Repeated phenol selection of a nontoxigenic substrain increased neither toxigenicity nor growth potentiality.
Potentiality for growth. Toxigenic strains possessed stronger potentiality for growth than did less toxigenic or nontoxigenic strains (Table 4) . This was confirmed when seven toxigenic, five weakly toxigenic, and one nontoxigenic strain were examined for their potentiality for growth in V. F. broth. Prior to that, the proper harvest time was determined with a highly toxigenic strain and a weakly toxigenic strain (H-12-S and 948). Duplicate tube cultures of each strain were removed from the incubator after 9, 12, 15, 18, 24, and 48 hr of incubation, and viable cells were counted. Both strains reached maximal growth between 12 and 18 hr. The potentiality for growth, when examined at the proper harvest time (15 hr), was distinctively higher in the highly toxigenic group than in the less toxigenic or nontoxigenic groups (Table 5 ). This finding indicates that the potentiality for growth is also one of the factors associated with toxigenicity.
a-Toxigenicity of S and R colony-forming strains. S-and R-type substrains of each parent VOL. 91, 1966 NISHIDA AND IMAIZUMI strain were examined for their a-toxigenicity. The S-type substrains generally showed higher toxigenicity than did the R-type substrains derived from the same parent strain (Table 6) . However, the relationship between colonial morphology and toxigenicity was not applicable to substrains of different parental origin. For instance, most of the nontoxigenic strains isolated by us exhibited smooth colonies when plated on Zeissler medium. In spite of this, the results in Table 6 suggest that colonial morphology is one of the factors associated with toxigenicity. Growth-inhibiting effects of sugars. All of 11 strains grown on agar showed no growth in the presence of glucose, maltose, arabinose, inositol, xylose, and rhamnose, when incubated aerobically, whereas sucrose and sorbitol inhibited some of them (Table 7) . In anaerobic cultivation, only arabinose and xylose inhibited growth. In other strains (CN 3256, H-12, 948, and 3313), we found that the inhibitory effect of sugars on aerobic growth was more remarkable on the S-type substrains than on the R-type substrains.
In fluid cultures, again the inhibition was more marked in aerobic than in anaerobic conditions (Table 8) . Of the sugars examined, xylose, arabinose, and rhamnose were most inhibitory for growth. The pH of the cultures changed towards acidity during the active growth of the organism, regardless of the presence or absence of sugars. When multiplication ceased, the pH reversed towards alkalinity. All strains multiplied more slowly and less abundantly in the presence of sugars than in their absence, and the consequent delay of pH reversal seemed to result in more acidity in cultures containing added sugars than in control cultures containing no sugar. The reversion was more marked in aerobic cultivation than in anaerobic, and, when the strains were aerobically cultivated, the difference in pH between control cultures and the cultures containing sugars was most marked before the 7th day of incubation, usually amounting to more than 1.0; on the 4th day of cultivation, the control cultures showed a pH of 7.8 to 8.0, whereas most of the cultures with added sugars displayed a pH of less than 7.0. The growth and pH curves of the 11 strains exhibited more or less similar results.
The finding that the higher acidity in the presence of sugars is unlikely to be due to fermentation of the sugars was confirmed by the following experiments. Six strains of C. histolyticum (H-2-S, H-2-R, H-12-S, H-12-R, HS-3, and HS-5) and Rhamnose. ..
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one strain of C. perfringens were cultivated anaerobically in 10-ml amounts of 3% Poli peptone broth containing 2% glucose. After incubation for 7 days, the residual glucose concentration in the control medium was 1,830 mg/ml, those in the C. histolyticum culture filtrates were the same as that of control medium (with some slight experimental errors), and that of the C. perfringens culture filtrate was 1,250 mg/ml. The inability to ferment glucose by C. histolyticum was further confirmed by using the Warburg apparatus. Two strains (3256-S and H-12-S) did not display any indication of glucose fermentation during 1 hr of shaking. DIscussIoN Zeissler (33) stated that different species of clostridia from soil, when cultivated in liver broth, multiplied according to changes in ecological conditions in the medium. From our findings, the proper time for isolation of C. histolyticum is during the early stage of soil cultivation. Liver broth rich in sugar content seems to be unsuitable for isolation of this species.
Zeissler (33) and Prevot (20) stated that C. histolyticum could withstand heating at 100 C for 60 min, but this is not true for strains existing in soil. Heating at 60 C for 30 min is recommended for its isolation. More than half of the strains isolated by our method belonged to the nontoxigenic, weakly heat-resistant group. Although nontoxigenic strains of toxigenic species of clostridia constitute an ill-defined group for classification (22) , the characteristic features of nontoxigenic strains of C. histolyticum appear to be significantly distinctive from other microaerophilic species described in Bergey's Manual.
In spite of its striking histolysis in vivo, the proteolytic activity in vitro of C. histolyticum is not strong (5, 20) . This applied to our freshly isolated strains as well as to the nine stock strains. Strains of this species were, however, highly lytic for collagen. Oakley and Banerjee (19) showed that C. histolyticum is much stronger in elastase activity than are other species.
The inhibition of growth by sugars, particularly under aerobic cultivation, does not seem to be due to a peroxide substance (3, 8) . The inhibition could not be antagonized by addition of fresh guinea pig serum. The combination of two growth-inhibiting factors, air and sugars, seems to be the cause for the particularly strong inhibition. Prevot (20) claimed that C. histolyticum is a strict anaerobic species, although this is contradictory to the well-accepted microaerophilism of this organism (6) . This claim of Prevot, however, seems to be plausible when this organism is grown in the presence of sugars.
Recently, Meisel-Mikolajczyk and Dworczynski (13) chemically analyzed the sugar components of C. histolyticum cells, and demonstrated that they were comprised of glucose, xylose, rhamnose, mannose, ribose, and galactose. Since these sugars are strikingly consistent with those inhibitory for the growth of C. histolyticum, further investigation of this relationship might elucidate the mechanism of inhibition. Bulmash and Weaver (2) reported that the presence of glucose improved growth of this organism in a synthetic medium. Considering the finding that glucose is a cell component (13) , we assume that this might happen in a synthetic medium which is otherwise extremely restricted in nutrition. However, Bulmash and Weaver did not give details.
The present results are in contrast to the findings obtained in this laboratory in regard to the relationship between toxigenicity and sporulating potency in clostridia. Recently, however, we have found that the strongest toxigenicity of each species is related to a certain grade of sporulating potency, and that, if the potency is either weaker or stronger than that grade, the toxigenicity will be attenuated. The optimal grade seemed to vary depending on the species examined. This generalization, however, is left open to further investigation.
The toxigenicity of C. histolyticum seems to be more closely related to the potentiality for growth than to sporulating potency. Recently, Knaysi (11) and Grelet (4) reported that sporulation is an integrated biological process in spore-bearing organisms, and that the asporogenous state can be brought about by inhibiting the integral process of metabolism. This information suggests that the potentialities for growth and sporulation are controlled by an identical mechanism, consequently implying also that sporulating potency might not be directly correlated with toxigenesis in this species.
